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Abstract of JP 2001261308 (A) 

PROBLEM TO BE SOLVED: To provide a method 
of recovering hydrochloric acid by which the content 
of organic compounds in hydrochloric acid formed 
as a by-product in a chlorinating reaction of an 
aromatic hydrocarbon such as benzene Is reduced. 

SOLUTION: A reactional gas containing hydrogen 3 ^ j- 

chloride gas produced In a chlorinating reaction Is f 
brought Into contact with benzene in a washing 
column 4 to absorb and remove organic compounds 
having a higher boiling point than that of benzene 
and contained in the reactional gas in the benzene.; 
The reactional gas after the absorption and removal 
is then fed to an adiabatic absorption type 

hydrochloric acid recovering column 6 to obtain S''"'";' *'! 

cnjde hydrochloric acid from the column bottom of ^i-.-i 
the recovering column 6 and a discharged gas is 
obtained from the column top of the recovering 

column 6 when the benzene Is chlorinated in a " f V"-;^-,^;^;^-^-^,;-, 

chlorinating reactional column 2 to produce p- t.E«J??ZiyiLiL 
dichlorobenzene. i 
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of aromatic hydrocarbon (e.g., benzene), chlorination generated 
HCl-containing reaction gas is introduced into a cleaning column 
for contacting with raw material aromatic hydrocarbon for removing 
reaction gas-contained organic compds . having higher b.p. than 
that of the aromatic hydrocarbon by absorption, and then sending 
the above stated organic compds . -removed reaction gas to an 
adiabatic absorption- type HCl recovery column for obtaining crude 
hydrochloric acid from the bottom of the column, and discharging 
waste gas from the top of the column. 
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NOVELTY - Reactive gas obtained during chlorination of aromatic 
hydrocarbon (ARH) and containing hydrogen chloride and chlorinated 
ARH is contacted with the ARH. High boiling chlorinated ARH are 
removed by absorption and reactive gas is sent to heat insulation 
absorption type hydrochloric acid recovery tower (6) . Crude 
hydrochloric acid is obtained from the tower bottom and exhaust 
gas is extracted from the tower top. 



C07B0063-00 G 
4H006/AA02; 4H006/AA04; 4D020/AA10; 
4H006/AD16; 4H006/AD18; 4H006/BA09; 4D020/BA15; 

4H006/BA68; 4H006/BA71; 4D020/BB04; 4D020/BC01 

4H006/BD82; 4H006/BD84; 4H005/BE53; 4H039/CA52 
4D020/CB18; 4D020/CB25; 4D020/CB28; 4D020/CD10 



USE - For recovery of hydrochloric acid from hydrogen 
chloride reactive gas formed as a by-product in the chlorination 
of aromatic hydrocarbons e.g. benzene, toluene. 

ADVANTAGE - Large amount of hydrogen chloride gas is 
generated. Substitution of high boiling chlorinated aromatic 
hydrocarbon with low boiling aromatic hydrocarbon prevents 
condensation of organic compound in the recovery tower. Organic 
compound content in the crude hydrochloric acid is reduced. Ligui 
separation is performed efficiently since the amount of 
chlorinated aromatic hydrocarbon is less and specific gravity of 
the organic layer is small. Separation results in high purity 
organic layer and salt acid layer thereby enabling effective 
recycle of pure hydrochloric acid. 

DESCRIPTION OF DRAWINGS - The figure shows the flow chart 
of the manufacturing apparatus used for recovering hydrochloric 
acid. (The drawing includes non-English language text) 

Chlorination reaction tower (2) 

Scrubbing tower (4) 

Heat insulation absorbing type hydrochloric acid recovery 

tower (6) 

Liquid separator (10) 

Organic layer (12) 

Salt acid layer (14) 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
method of recovering hydrochloric acid by which 
the content of organic compounds in hydrochloric 
acid formed as a by-product in a chlorinating 
reaction of an aromatic hydrocarbon such as 
benzene is reduced. 

SOLUTION: A reactional gas containing 
hydrogen chloride gas produced in a chlorinating 
reaction is brought into contact with benzene in a 
washing column 4 to absorb and remove organic 
compounds having a higher boiling point than 
that of benzene and contained in the reactional 
gas in the benzene. The reactional gas after the 
absorption and removal is then fed to an adiabatic 
absorption type hydrochloric acid recovering 
column 6 to obtain crude hydrochloric acid from 
the column bottom of the recovering column 6 
and a discharged gas is obtained from the column 
top of the recovering column 6 when the benzene 



is chlorinated in a chlorinating reactional colunui 2 to produce p- dichlorobenzene. 
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(57) Abstract 

Technical problem The recovery method of the chloride which reduces the organic compound 
content in the chloride which carries out a byproduction in the chlorinating reaction of aromatic 
hydrocarbon, such as benzene, is provided. 

Means for SolutionChlorinate benzene with the chlorinating reaction tower 2, and are in charge of 
manufacturing p-dichlorobenzene. Absorption removal of the organic compound of a high boiling 
point is carried out to benzene rather than benzene which contacts with benzene reactant gas 
containing the hydrogen chloride gas emitted in said chlorinating reaction in the washing tower 4, 
and is contained in said reactant gas. Subsequently, send reactant gas after absorption removal to 
the heat insulation absorption type chloride reclaiming tower 6, and raw salt acid is obtained from 
a bottom of the reclaiming tower 6, and emission gas is obtained from the overhead of the 
reclaiming tower 6. 



Claim(s) 

Claim lln manufacturing chlorinated aromatic hydrocarbon by a chlorinating reaction of aromatic 
hydrocarbon. Absorption removal of the chlorinated aromatic hydrocarbon of a high boiling point is 
carried out to this aromatic hydrocarbon rather than this aromatic hydrocarbon that contacts 
reactant gas containing the hydrogen chloride gas emitted in said chlorinating reaction to aromatic 
hydrocarbon of a raw material, and is contained in said reactant gas. Subsequently, a recovery 
method of chloride which send reactant gas after absorption removal to a heat insulation 
absorption type chloride reclaiming tower, and raw salt acid is obtained from a bottom, and is 
characterized by extracting emission gas from the overhead. 

Claim 2A recovery method of the chloride according to claim 1 which is made to condense 
emission gas, carries out liquid-liquid separation to an organic layer and a chloride layer which use 
aromatic hydrocarbon of a raw material as the main ingredients, and is reused to a chlorinating 
reaction after drying said organic layer. 

Claim 3A recovery method of the chloride according to claim 1 which makes emission gas 



condense, carries out liquid-liquid separation to an organic layer and a chloride layer which use 
aromatic hydrocarbon of a raw nnaterjal as the main ingredients, and returns said chloride layer to 
a heat insulation absorption type chloride reclaiming tower. 



Detailed Description of the Invention 
0001 

Field of the InventionThis invention relates to the method of collecting chlorides from the 
hydrogen chloride gas which carries out a byproduction in the chlorinating reaction of aromatic 
hydrocarbon, such as benzene and toluene. 
0002 

Description of the Prior ArtThe dichlorobenzene (DCB) produced by chlorinating benzene is an 
important compound industrially. There are three isomers of alt. dichlorobenzene (o-DCB), meta- 
dichlorobenzene (m-DCB), and PARAJI chlorobenzene (p-DCB) in dichlorobenzene. Among these 
three isomers, PDCB has most demand, and is used for an insecticide etc., and attracts attention 
as a raw material of the polyphenylene sulfide which is engineering plastics. 
0003Conventionally, dichlorobenzene is manufactured by chlorinating benzene (BZ) or 
chlorobenzene (CB) using the Friedel craft type catalysts, such as ferric chloride. 
0004In order to raise the selectivity of PARAJI chlorobenzene at the time of manufacture, the 
method of using together the inorganic matter or the organic compound, and ferric chloride of 
sulfur and a selenium series as a catalyst is also proposed. 

OOOSIn the chlorinating reaction of benzene or monochlorobenzene, the art which raises the 
selectivity of PARAJI chlorobenzene is also proposed by using zeolite as a catalyst (JP,57-77631,A, 

JP,59-163329,A). 

The art which solves the problem which conventional technology has is also indicated by using 
activated alumina as a catalyst (JP,1-93550,A). 

OOOein these manufacturing methods, although benzene is chlorinated by each under existence of 
a catalyst in the gaseous phase or the liquid phase, in this chlorinating reaction, the byproduction 
of the hydrogen chloride is carried out and this is taken out outside as byproduction hydrogen 
chloride gas. In the byproduction hydrogen chloride gas taken out by said exterior. Since various 
chlorinated benzene, such as benzene which is a raw material of a chlorinating reaction and 
chlorobenzene which is resultants, dichlorobenzene, and trichlorobenzene (TCB), contains 
according to the steam pressure at least, Said byproduction hydrogen chloride gas is cooled 
beforehand, benzene and chlorinated benzene are condensed, and collecting and using is 
performed. 

0007However, the recovery by said condensation is not perfect and the quantity equivalent to the 
steam pressure of each organic compound, such as benzene at cooling temperature, still remains in 
byproduction hydrogen chloride gas. For this reason, this byproduction hydrogen chloride gas is 
sent to a chloride reclaiming tower, and these chlorinated benzene Is contained in the chloride 
produced by contacting in water here. 

OOOSBenzene and chlorinated benzene are contained in the emission gas taken out from the 
overhead side of a chloride reclaiming tower in addition to water and hydrogen chloride. 
These are condensed by being cooled and layer separation is carried out to the organic layer and 
chloride layer which use benzene as the main ingredients. 

Usually, liquid-liquid separation of these organic layers and chloride layers that carried out layer 
separation is carried out. However, since said organic layer contains chlorinated benzene, its 
specific gravity is close to chloride. For this reason, the liquid-liquid separation of a chloride layer 
and an organic layer is difficult, and, as a result, it comes to bring trouble to a subsequent chloride 
purification process, and collecting said organic layers and using as manufacturing raw materials 
again also has problems, such as becoming difficult. 
0009 

Problem(s) to be Solved by the Inventionin order to solve the above-mentioned problem, as a 
result of this invention persons' examining many things, when contacting the byproduction 
hydrogen chloride gas emitted in the chlorinating reaction of benzene with benzene. If it sends to a 
heat insulation absorption type reclaiming tower and raw salt acid is manufactured after making 



the chlorinated benzene contained in byproduction hydrogen chloride gas replace by benzene, may 
decrease substantially the organic matter content in the raw salt acid taken out from the bottom of 
a reclaiming tower, and. Although the emission gas taken out from the overhead is condensed by 
cooling and it separates into a chloride layer and an organic layer, Specific gravity of the organic 
layer was smaller than the chloride layer enough in order to use benzene as the main ingredients, 
for this reason, simply, the above-mentioned two-layer ones could carry out liquid-liquid 
separation, and learning of the ability of each class produced by doing in this way to be used 
effectively, respectively was carried out. Learning of a described method not being restricted to 
benzene but being able to apply it to various kinds of general aromatic compounds was carried out. 
This invention comes to be completed based on the above-mentioned knowledge. 
OOlOTherefore, there is a place made into the purpose of this invention in providing the recovery 
method of the chloride which solves the conventional problem. 
0011 

Means for Solving the ProblemThis invention for attaining the above-mentioned purpose is 
indicated below. 

00121In manufacturing chlorinated aromatic hydrocarbon by a chlorinating reaction of aromatic 
hydrocarbon. Absorption removal of the chlorinated aromatic hydrocarbon of a high boiling point is 
carried out to this aromatic hydrocarbon rather than this aromatic hydrocarbon that contacts 
reactant gas containing the hydrogen chloride gas emitted in said chlorinating reaction to aromatic 
hydrocarbon of a raw material, and is contained in said reactant gas, Subsequently, a recovery 
method of chloride which send reactant gas after absorption removal to a heat Insulation 
absorption type chloride reclaiming tower, and raw salt acid is obtained from a bottom, and is 
characterized by extracting emission gas from the overhead. 

00132Emission gas is made to condense, liquid-liquid separation is carried out to an organic layer 
and a chloride layer which use aromatic hydrocarbon of a raw material as the main ingredients, 
and it reuses to a chlorinating reaction after drying said organic layer. A recovery method of 
chloride given in 1. 

00143Emission gas is made to condense, liquid-liquid separation is carried out to an organic layer 
and a chloride layer which use aromatic hydrocarbon of a raw material as the main ingredients, 
and said chloride layer is returned to a heat insulation absorption type chloride reclaiming tower. A 
recovery method of chloride given in 1. 

OOlSHereafter, with reference to drawings, this invention is explained in detail. 
0016 

Embodiment of the InventionDrawing 1 is a flow chart showing an example of the 

manufacturing installation of the p-dichlorobenzene incorporating the recovery method of the 
chloride of this invention. 

0017TWO are a chlorinating reaction tower among drawing 1, and the inside is filled up with the 
catalyst. As a catalyst, the Friedel craft type catalysts, such as a solid acid catalyst of publicly 
known activated alumina, silica alumina, crystalline aluminosilicate, etc., ferric chloride, an 
aluminium chloride, etc. are illustrated. Benzene, chlorine, etc. which are aromatic hydrocarbon of 
a raw material are supplied to said chlorinating reaction tower 2, these react to it within the 
chlorinating reaction tower 2, and the chlorinated benzene which uses p-dichlorobenzene as the 
main ingredients is taken out as a resultant. This reaction itself is publicly known. 
OOlSIn said chlorinating reaction, although reactant gas is emitted, hydrogen chloride gas is made 
this reactant gas with the main ingredients, and chlorinated benzene, such as raw material 
benzene and monochlorobenzene, o-, m-, p-dichlorobenzene, and trichlorobenzene, is contained as 
other ingredients. 

0019This reactant gas is sent to the bottom side of the washing tower 4, after it is taken out from 
the overhead of the chlorinating reaction tower 2 and necessity carries out condensation removal of 
said some of chlorinated benzene through a heat exchanger (un-illustrating) here. 
0020While the penetrant remover benzene supplied from the overhead side in said washing tower 
4 flows down the inside of the washing tower 4, Gas-liquid contact is repeated in the state of the 
reactant gas which is supplied from the bottom side and goes up the inside of a washing tower, and 
a counterflow. Extraction removal is carried out with the benzene down which the organic 
compound (chlorinated benzene, such as CB, DCB, TCB, tetrachlorobenzene, and 
hexachlorobenzene) of a high boiling point flows rather than the benzene in reactant gas by this. 



0021Subsequently to the bottom side of the chlorinating reaction tower 2 the benzene solution 
(penetrant remover) which flowed down the inside of the washing tower 4 while extracting the 
organic compound of the high boiling point rather than benzene is returned, and is reused as a raw 
material of a chlorinating reaction. 

0022The washing tower 4 can use the device used as common gas absorbers, such as a packed 
column, a tray tower, a wetted wall column, a spray tower, and a bubbling tower. Pressure loss of 
a packed column is comparatively small, and since gas absorption efficiency is high, it is among 
these desirable. As an operating condition of the liquid/gas mass flow of a packed column, below 
flooding velocity, especially 50% of flooding velocity order are preferred. 

0023The yield of hydrogen chloride gas is large, and when the tower diameter of a washing tower 
becomes large, use of a tray tower is preferred. 

0024Since penetrant remover benzene is carried in by entrainment into reactant gas, a spray 
tower can be used if cautious of this point. 

0025Since its benzene content in the reactant gas after washing decreases so that the operating 
temperature of the washing tower 4 is generally low temperature, its low-temperature one is 
preferred. However, since it is necessary to operate it above the coagulating point (5 **) of 
penetrant remover benzene, 5-30 ** is preferred and 7-10 ** is especially desirable. 
0026The high voltage of the operating pressure power of the washing tower 4 is more preferred. 
The steam pressure of penetrant remover benzene becomes low, so that it is high voltage, and as 
a result, the benzene content in the reactant gas after washing decreases. However, since high 
pressure installation is expensive, it is preferred to operate it by the pressure of 1 or less MPa. If 
decompression is used, since the partial pressure of organic compounds, such as benzene and 
chlorinated benzene, will become large and the benzene in the reactant gas after washing and the 
content of an organic compound will increase as a result, it is not desirable. Therefore, the 
operating pressure power of a washing tower has ordinary pressure - preferred IMPa. 
0027The inside of the washing tower 4 is gone up, and subsequently to the heat insulation 
absorption type chloride reclaiming tower 6 the reactant gas of chlorinated benzene with which all 
were almost removed is sent, hydrogen chloride in reactant gas is absorbed by the water which 
flows down the inside of a tower here, and it serves as raw salt acid, and is taken out from the 
bottom side of the reclaiming tower 6. 

0028Structurally, the heat insulation absorption type chloride reclaiming tower 6 is a thing of the 
same structure mostly with said washing tower 4, Heat insulation absorption of the hydrogen 
chloride in reactant gas is functionally carried out in the reclaiming tower 6 at water, As a result of 
barring condensation of the chlorinated benzene which exists in the benzene which water is 
evaporated by the rise in heat based on the big heat of solution generated in that case, and is 
contained in reactant gas, or a minute amount, it is avoided that those organic matters mix into 
raw salt acid. 

0029The raw salt acid taken out from the bottom side of said heat insulation absorption type 
chloride reclaiming tower 6 passes the chloride purification process 18 by the hydrochloric-acid- 
concentration adjusting process 16, activated carbon treatment, etc. one by one after that, and is 
taken out as product chloride. 

OOSOOn the other hand, emission gas is taken out from the overhead side of the heat insulation 
absorption type chloride reclaiming tower 6. The great portion of hydrogen chloride gas in reactant 
gas is the gas by which absorption removal was carried out, and this emission gas mainly consists 
of the steam and the slight hydrogen chloride gas which occupy most, and benzene gas, when 
water and reactant gas carry out countercurrent contact in the reclaiming tower 6. 
0031It is cooled when passing the capacitor 8 first, and said emission gas becomes a condensate, 
is sent to the liquid-liquid separation machine 10, and is divided into the organic layer 12 and the 
chloride layer 14 here. 

0032Said separated chloride layer is returned after that to the pars intermedia of the overhead of 
the heat insulation absorption type chloride reclaiming tower 6, and a bottom. Said separated 
organic layer 12 is returned and reused by the chlorinating reaction tower 2 after dehydrating 
treatment is made using solid dehydrators, such as distillation, silica gel, a molecular sieve, 
anhydrous sodium sulfate, etc. In the above-mentioned embodiment, although benzene was used 
as aromatic hydrocarbon of a raw material, it is not restricted to this but all the aromatic 
hydrocarbon which can be chlorinated with the chlorinating reaction tower 2 is used as a raw 



material. Especially, as aromatic hydrocarbon of a desirable raw material, in addition to benzene, 
toluene, xylene, ethylbenzene, etc. are illustrated and monochlorobenzene, dichlorotoluene, etc. 
other than p-dichlorobenzene are mentioned as a manufacture object. In this case, the reaction 
condition of the chlorinating reaction tower 2 is suitably chosen according to aromatic hydrocarbon 
of the raw material used. The reaction condition itself is publicly known. Aromatic hydrocarbon of a 
raw material is used as a penetrant remover of the washing tower 4. By using aromatic 
hydrocarbon of a raw material as a penetrant remover, extraction removal of the chlorinated 
aromatic hydrocarbon in which the boiling point is higher than that in reactant gas is carried out 
efficiently, and it is reused as a raw material of a chlorinating reaction by returning this penetrant 
remover to a chlorinating reaction tower. The view as the case of the above-mentioned 
embodiment that the operating condition of the washing tower 4 is also the same is applied. Since 
the view as the above-mentioned embodiment that the heat insulation absorption tower 6 and 
other devices, an operating condition, etc. are the same is applied, the explanation is omitted. 
0033The manufacturing installation of chlorinated aromatic hydrocarbon, such as p- 
dichlorobenzene into which the recovery method of the chloride of this invention is built, cannot be 
restricted to the thing of the composition of the above-mentioned embodiment, but can be included 
in all the existing devices. The thing possessing the process which separates the benzene and 
monochlorobenzene in the chlorinated benzene generated after a chlorination process as such a 
device, for example, and is returned to a chlorination process. After separating high order 
chlorinated benzene and performing a transformer chloro-ized reaction, the thing possessing the 
process returned to a chlorination process, etc. are mentioned. 
0034 

ExampleChlorides were collected using the manufacturing installation of the p-dichlorobenzene of 
composition of being shown in drawing 1 as Examples 1-3 and comparative example 1 Examples 1- 
3. 

0035Chlorides were collected like the example except not sending the reactant gas taken out from 
the overhead of the chlorinating reaction tower 2 to the washing tower 4 as a comparative 
example, but sending to the direct heat insulation absorption type chloride reclaiming tower 6. 
0036The obtained result was shown in Table 1. 
0037 
Table 1 



X ID=000003 



0038In Example 1, after sending the reactant gas obtained by a clilorinating reaction to the 
washing tower and performing washing operation by benzene, hydrogen chloride was collected in 
the heat insulation absorption type chloride reclaiming tower. There is more all the organic 
compound content in heat insulation absorption type chloride reclaiming tower entrance gas 
(reactant gas after washing) than the comparative example 1 so that clearly from Table 1. 
However, the specific gravity difference of the chloride layer in the condensate of heat insulation 
absorption type chloride reclaiming tower emission gas and an organic layer is larger than the 
specific gravity difference of a comparative example. For this reason, in the case of Example 1, the 
liquid-liquid separation of a chloride layer and an organic layer becomes easy, and the amount of 
organic compounds mixed into the chloride layer returned to a chloride reclaiming tower decreases. 
As a result, the total organic compound concentration contained in the chloride after taking out 
from the bottom of a reclaiming tower and adjusting concentration by a hydrochloric-acid- 
concentration adjusting process has become less than that of the comparative example 1. 
0039In Example 2, the operating temperature of the washing tower was reduced rather than 
Example 1. Since the steam pressure of all the organic compounds including the benzene which is 
a penetrant remover will decrease if operating temperature is lowered so that clearly from Table 1, 



as compared with Example 1, all the organic compound content in the reactant gas after washing 
decreases, and, as a result, all the organic compound content in the chloride after concentration 
adjustment is also decreasing. 

0040In Example 3, the operating pressure power of the washing tower was heightened rather than 
Example 1. Since the partial pressure of an organic compound wilt decrease if operating pressure 
power is heightened so that clearly from Table 1, as compared with Example 1, all the organic 
compound content in the reactant gas after washing decreases, and, as a result, all the organic 
compound content in the chloride after concentration adjustment is also decreasing. 
0041In the comparative example 1, without carrying out washing operation via a washing tower, 
the reactant gas obtained by a chlorinating reaction was sent to the direct heat insulation 
absorption type chloride reclaiming tower, and chlorides were collected. There is little all the 
organic compound content in heat insulation absorption type chloride reclaiming tower entrance 
gas (reactant gas) as compared with Examples 1-3. However, since the specific gravity difference 
of the organic layer of the condensate of heat insulation absorption type chloride reclaiming tower 
emission gas and a chloride layer is small, liquid-liquid separation efficiency is bad. While washing 
removal of the chlorinated aromatic hydrocarbon of a high boiling point has not been carried out, 
said reclaiming tower is supplied, and as a result of being mixed in chloride, without it evaporating 
in this reclaiming tower, all the organic compound content in the chloride after concentration 
adjustment increases far as compared with Examples 1-3. 
0042 

Effect of the InventionThe hydrogen chloride gas containing organic compounds, such as 
chlorinated aromatic hydrocarbon generated in this invention when chlorinating aromatic 
hydrocarbon of a raw material. Low-boiling-point aromatic hydrocarbon washes rather than 
chlorinated aromatic hydrocarbon, and chlorinated aromatic hydrocarbon of a high boiling point is 
replaced by low aromatic hydrocarbon of the boiling point from that in hydrogen chloride gas. 
Therefore, condensation of an organic compound is prevented in a heat insulation absorption type 
chloride reclaiming tower, and the organic compound content in the raw salt acid taken out from a 
bottom is reduced. 

Although the condensate of the emission gas taken out from the overhead of a reclaiming tower is 
divided into an organic layer and a chloride layer, since said organic layer has little content of 
chlorinated aromatic hydrocarbon, its specific gravity is small, it is easy, and it dissociates without 
other layers mixing mutually, and separation efficiency is high the liquid-liquid separation of an 
organic layer and a chloride layer for this reason. Thus, since mutual mixing is avoided, the 
separated organic layer and a chloride layer have high purity, and as for these, the purity of the 
product chloride which can reuse effectively and is obtained as a result is also high for this reason. 



Brief Description of the Drawings 

Drawing lit is a flow chart showing an example of the manufacturing installation of the 
chlorinated benzene incorporating the recovery method of the chloride of this invention. 
Description of Notations 
2 Chlorinating reaction tower 
4 Washing tower 

6 Heat insulation absorption type chloride reclaiming tower 
8 Capacitor 

10 Liquid-liquid separation machine 
12 Organic layer 
14 Chloride layer 

16 Hydrochloric-acid-concentration adjusting process 
18 Chloride purification process 



Drawing 1 
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